Formulated in [Low Temperature Physics/Fizika Nizkikh Temperatur, 41, 482 (2015)] model of hypothetical superconductivity with the source term (external pair potential) in BCS hamiltonian is generalized for a case if electrons interacts via both BCS model attraction and screened Coulomb repulsion. Unlike the previous work the superconductor has critical temperature which determined with the Coulomb interaction within a Cooper pair. It has been shown the external pair potential is effective for superconductors where Tolmachev logarithm is small (nonadiabatic case). A free energy functional and equations similar to Ginzburg-Landau equations have been found for such a model. PACS numbers: 74.20.Fg, 74.20.Mn To increase the critical temperature of a superconductor various methods are proposed: increase of electron-phonon coupling constant (softening of the phonon spectrum, anharmonicity of lattice's vibrations, bipolarons and bisolitons), using of nonphonon pairing mechanisms (electron-plasmon coupling and electron-exciton coupling) and others. In a work [1] it was offered to generalize the BCS model in that that the external pair potential [2] was added in BCS Hamiltonian:
To increase the critical temperature of a superconductor various methods are proposed: increase of electron-phonon coupling constant (softening of the phonon spectrum, anharmonicity of lattice's vibrations, bipolarons and bisolitons), using of nonphonon pairing mechanisms (electron-plasmon coupling and electron-exciton coupling) and others. In a work [1] it was offered to generalize the BCS model in that that the external pair potential [2] was added in BCS Hamiltonian:
where H BCS is BCS Hamiltonian -kinetic energy + pairing interaction (
counted from Fermy surface. The term H ext is the external pair potential or "source term" [2] . Operators a
and a −k↓ a k↑ are creation and annihilation of Cooper pair operators [3] , ∆ and ∆ + are anomalous averages:
which are the complex order parameter ∆ = |∆|e iθ . The multipliers ∆ |∆| and ∆ + |∆| are introduced into H ext in order that the external pair potential H ext was invariant under the U (1) transformation like BCS hamiltonian H BCS . Hence υ is energy of a Cooper pair relative to uncoupled state of the electrons in the external pair potential H ext . It should be noted that the energy gap |∆| is energy of a Cooper pair relative to uncoupled state of the electrons too. However the field ∆ is a self-consistent field as a consequence of attraction between electrons. The field υ is the applied field to the system from the outside. Then from Eq.(2) we have self-consistency condition for the order parameter
where g ≡ u ph ν F is a coupling constant (ν F is a density of states at Fermi level), ω is a phonon frequency. If the external pair potential is absent υ = 0 we have usual self-consistency equation for the gap ∆: the gap is a function of temperature such that ∆(T ≥ T c ) = 0. The larger the coupling constant g, the larger T c . If υ > 0 then the pairing of quasiparticles results in increase of the system's energy that suppresses superconductivity. If υ < 0 then the pairing results in decrease of the system's energy. In this case a solution of Eq. (6) is such that the gap ∆ does not vanish at any temperature. At large temperature T T c the gap is
Thus the critical temperature is T c = ∞ (in reality it limited by the melting of the substance). Thus we have that a ratio between the gap and the critical temperature (2∆/T C = 3 ÷ 7 for presently known materials) is changed to 2∆/T C → 0. It should be noted that if g = 0 then for any υ a superconducting state does not exist (∆ = 0 always). This means electron-electron coupling is the cause of the transition to superconducting state only but not the external pair potential υ. Until now we have assumed the attraction between electrons within the layer of width 2ω near the Fermi surface exists only. However in metals the screened Coulomb repulsion exists too. Following [4] we can linearize Eq.(3) by a value ∆ since it aspires to zero at T → T c or T → ∞ (in the model with the pair potential) and can write an equation for the energy gap which is generalization of Eq.(3) and determines the critical temperature:
where ν(ξ) is is a density of states of electron in a normal metal, u(ξ, ξ ) is a potential of effective interaction between electrons:
Here
are potentials of electron-phonon and electron-electron interaction accordingly. The constants u ph > 0 and u c > 0 describe attractive and repulsion interactions accordingly but they act in essentially different energy intervals: Debay energy 2ω and Fermi energy 2ε F . After substitution of Eqs. (6, 7, 8) in Eq. (5) we have
where for simplicity we chose the phase of ∆ so that ∆ ≥ 0. We search the solution in a two-stage form
where ∆ ph and ∆ cl are some constants which determined from the set of equations (after substitution of Eq.(10) in Eq.(9)):
where
If we suppose υ = 0 then Eqs.(11) will be homogeneous set of equations. The solvability condition (equality to zero of the determinant) gives an equation for determining the critical temperature T c :
is Coulomb pseudopotential. If the external pair potential υ < 0 then we have the following expressions for the energy gaps:
It should be notice that K ω 2T (g − µ * ) < 1 at T > T c . The energy gap ∆ cl is ∆ cl = 0 at temperature which is found from the equation
Hence T (∆ cl = 0) > T c because g > g − µ * . However the gap ∆ cl does not play an essential role in our model (in BCS model without Coulomb repulsion, that is when µ = µ * = 0, we have ∆ cl = 0 allways). The energy gap ∆ ph is ∆ ph = 0 at temperature which is founded from the equation
Thus we have an effective coupling constant
It should be noticed that if g > µ then an inequality is valid:
Hence we have
c is the critical temperature of a superconductor in the external pair potential υ. Thus the main result consists in that the critical temperature T this case the asymptotic (4) takes place, where we have to change the coupling constant g to g − µ. In this connection it should be noted that the most appropriate substances for realization of this model are alkali doped fullerenes, where Migdal's theorem is brokedown [5] . Moreover in a work [6] it has been shown that the Coulomb repulsion helps a local pairing on each fullerene molecule. Possible practical realization of the model is proposed in [7] , where a source of the external pair potential has been constructed. On the contrary the application of the external pair potential to metals (low temperature superconductors) is ineffective because in the metals µ * µ, hence the change of the critical temperature is small T * c T c (υ = 0). Let us investigate the temperature dependence of energy gap ∆ ph (T ) near the critical temperature T T * c using Eq.(14). If T T c then K
Thus we can see that a critical index for the order parameter in our model is 1 unlike BCS model where the critical index is 1/2. Dependencies of the energy gaps on temperature are shown in Fig.1 For investigation of thermodynamic and electrodynamic properties of the superconductor we should find a free energy. The most interest is the free energy at T T c , T → T * c where the order parameter is small ∆ → 0. For this aim we can use a result obtained in a work [1] , where, according to the theorem of small increments, we should add a term H ext = 2υ u ph |∆| < 0 to the free energy. However now we must obtain the asymptotic (20) where
Hence we have to replace the value 2υ u ph |∆| < 0 on the value
|∆|. Then we can write Gibbs free energy in coordinate space as
where G n is a free energy of a normal state, H is a microscopic magnetic field in each point of a superconductor, H 0 is strength of an external homogeneous magnetic field, A = rotH is a vector-potential. A coefficient a is proportional to temperature a = αT > 0 if T T c , a coefficient u is proportional to the external pair potential and depends on temperature as u = ηυ 1 − Thus the first critical magnetic field is zero at the critical temperature. Since the free energy (22) and Eqs.(23,24) coincides with the corresponding free energy and the equations in a work [1] (however the coefficients are different), then dependence of the order parameter on magnetic field H is the same as in the work [1] :
Thus the second critical magnetic field H c2 is infinity formally (superconducting phase exists at any magnetic field) if temperature is T < T * c . Thus on the one hand the proposed model of hypothetical superconductivity demonstrates the principal differences from results of BCS and Ginzburg-Landau theory due presence of the external pair potential. On the other hand the accounting of the Coulomb potential leads to the existing of critical temperature unlike the model in a work [1] where the energy gap tends to zero asymptotically with increasing temperature. The critical temperature is determined by the Coulomb interaction within a Cooper pair. We found that the external pair potential is effective for superconductors where Tolmachev logarithm is small (nonadiabatic case) but the BCS coupling constant is larger than Coulomb coupling constant. Like the work [1] the second critical magnetic field for such a superconductor is equal to infinity however temperature must be less than the critical temperature. Feature of this model is that Ginzburg-Landau parameter is not constant -it increases with temperature and becomes singularity in the critical temperature.
